Inhibition of Japanese encephalitis virus replication by peptide nucleic acids targeting cis-acting elements on the plus- and minus-strands of viral RNA.
Japanese encephalitis virus (JEV) is a major cause of acute viral encephalitis in humans. The single-stranded, plus-sense viral genome, which is used for translation and minus-strand RNA synthesis, and its complementary minus-strand viral RNA contain various sequences and RNA secondary structures conserved in flaviviruses, providing potential targets for antisense agents. Here, we investigated the antiviral effects of peptide nucleic acids (PNAs) targeting cis-acting signals at the 5'-untranslated region (UTR), 3'-UTR, and genome cyclization motifs on the plus-strand RNA, as well as the 95-nucleotide 3'-end of the minus-strand RNA, which serves as a template for plus-strand RNA synthesis by the viral RNA-dependent RNA polymerase (RdRp). Among the tested cell-penetrating peptide (CPP)-PNA conjugates, a 17-mer PNA conjugate targeting the top of the 3'-UTR loop structure was most effective in suppressing virus proliferation. In vitro RdRp assays and electrophoretic mobility shift assays using a functional recombinant JEV RdRp showed that the 3'-terminal region-targeting PNAs could inhibit RNA synthesis by competing with viral RdRp for binding to a selected cis-acting element at the 3'-end of plus- and minus-strand viral RNAs. Collectively, our results suggest that CPP-PNA conjugates can suppress JEV proliferation by blocking RNA-protein or RNA-RNA interactions essential for productive viral infection.